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Gravity Loads, Load Factors and 
Load Combinations 
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Design Provisions 


* Allowable Strength Design (ASD) 
+ Legacy approach to design 
+ Applied loads are not factored up 
* Strength of steel material is reduced by a factor 
of safety to restrict required strength to 
allowable levels 
* Load and Resistance Factor Design (LRFD) 
+ Applied loads are factored up 


* Capacity of steel material is reduced by a 
|———-reduction-factor | 
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Nominal Capacity is Common 


ㆍ ASD: ERED. 

* Required Strength * Required Strength 
at Unfactored Load at Factored Load 
Combinations = Ra Combinations = Ru 

ㆍ Allowable * Design 
Strength= R,/Q Strength = OR, 


ee >> 


ALWAYS WORKING FROM 
SAME NOMINAL CAPACITY! 
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Structural Safety 


Structural members must always be designed to 
carry some reserve capacity to account for overload 
and under strength, due to: 


+ Dimensional tolerances 
+ Fabrication 
ㆍ Construction 


+ Material strength variations 
+ Limits of simplified design equations 
+ Uncertainty in applied loads 
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Probability Distribution of 
Load and Resistance 


Regien of 


Potential 
Failure 
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Reliability of WF Beam with 
Uniform Moment 


Reliability index 
TT 
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Structural Safety 


* The magnitude of a “factor of safety” (or 
“reliability index’) is a function of economics 
versus probability of occurrence 


+ Zero probability of failure is uneconomical 


ㆍ No margin of safety is illogical and ethically 
unacceptable 
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LRFD Load Combinations 


+ Load Combinations per AISC pg 2-10 


factored combinations, 


0» 
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ASD Load Combinations 


* Load Combinations per AISC pg 2-11 
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Load Combinations 
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LRFD Resistance Factors 


& ASD Safety Factors 
* Per AISC pg 2-12 
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LRFD Design 
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ASD Design 
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Serviceability 


* In addition to having strength for the 
imposed loads, the structure must consider 
serviceability 


LL GENERAL PROVISIONS 
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Serviceability 


ㆍ Serviceabilit 
+ Deflection 
+ Vibration 
* Wind-Induced Motion 
+ Thermal Expansion/Contraction 
* Connection Slip 


imit states include: 
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ASCE 7-10 
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ASCE 7-10 


22 SYMBOLS AND NOTATION 
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Dead Loads 


* The self weight of the structure + all permanently 
attached equipment and fixtures. 
* Examples of the self weight of the structure: concrete 


+ Examples of 
Pipes, elect 
ts, 


ors 


+ Dead loads act continuously whi 
service 

* Dead loads are known accurately, but not until design 
is done (iterative procedure) 
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the structure is in 
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ASCE 7-10: Dead Loads 
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Sample Dead Loads 


L TEM WEIGHT | 
[Light Weight Concrete Filon Metal Deck (3" Deck +3 % Topping) | 47 psf 
Insulating Filon Metal Deck 2009 
[Steet Piate 490 pet 
[Carpeting or Linares 9. EE 
[Tile Flooring 2pst 
[Mechanical Systems (Office Building) 50% 
Mechanical Systems 15 pat 
[Cetings: Hard Lid Bpst 
[Cetings: Ter 2pst 
Lights 1 ef 
[Roofing 7009 
₪ 110 pot 
[Concrete Toppings and Equipment Pads 75000 
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Live Loads 


+ Gravity 10805 acting while structure is in 
service. 

+ Vary in magnitude and location 

+ Examples of live loads: human occupants, 
furniture, moveable eguipment, vehicles, 
stored goods. 

* The determination of appropriate live loads is a 
function of the use of the area and of the 

y of occurrence. 

e loads are prescribed by 

ing Codes. 
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Live Load Variation Over Time 


Transient (TLL) 


Live load (LL) 


Sustained 


Time 
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ASCE 7-10: Live Loads 
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ASCE 7-10: Live Loads 


Ð LIVE LOADS 
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Live Loads 


i apsk Attic Space 
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Live Loads 


OFSF Theater Seats 
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Live Loads 


80 psf - Exit Corridors 
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Live Loads 
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Live Loads 


150 psf - Armories 


UCLA cee 1 sravcrunat STEEL veson 


EE EE EE EE EE 


ASCE 7-10: Live Loads 


UCLA cee t1- STRUETVRAL STEEL vesion 


EE | 


Partial Loading 


" Live Load Must Be Applied For Maximum Effect 
* Known as “Skip Loading” 


= wa 
m) Lo 
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Max Positive Moment Max Negative Moment 
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Live Load Reductions 


«+ The probability of the full Live Load acting 
simultaneously on the entire support member of a 
structure decreases with the amount of area 
supported by the member 

* Therefore, Live Load reductions are allowed per 
the Building Code 


UCLA თ sravcrunat STEEL vesion 


| EE 


Tributary Areas 
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Influence Areas 


1 


fepending on building geometry 
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Live Load Reductions 


Ku Ar = Ar, or the Influence Area 
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ASCE 7-10: Floor Live Load 
Reductions 
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ASCE 7-10: Floor Live Load 
Reductions 
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ASCE 7-10: Roof Live Load 


Reductions 
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ASCE 7-10: LRFD 
Load Combinations 


23 COMBINING FACTORED LOADS USING 
STRENGTH DI 


* Note: “Strength Design” is a broad term that includes 
LRFD. 
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ASCE 7-10: LRFD 


Load Combinations 
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Determining Required Loads 


on Members 
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Load Path Concept 


I 2, Slab span: n 
3. Beams span togi 


4. Girders span to columns 


ს = | 5.Columns supported by 
foundations 
|| ——a |- 


EE TA EE 
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Load Path Concept 
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Load to Beams/Joists 


1 
3 0 25-C = 75-C 
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Load to Beams/Joists 
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Load to Girders 


9 25-0 = 75-0" 


Load to Girders 


Edge girders only have tributary width on one 
side, whi 


Load to Columns 


Load to Columns 
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Dead 8 Live Load Tabulations 


* Keeping track of the loads and the accumulation 
of load is extremely important 

+ A clear understanding of the Load Path is the key 

* Keep it simple using a “bookkeeping” approach 
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Sample Problem 


Dead & Live Load Tabulation 


UCLA cee 11 STRUETVRAL STEEL vesion 


Sample Problem 


_–·'"ჟჟ""/”წ”””იწრიწთდრნეი.იიიიიიიი“ => 
>> TE AR EE N ON | 
— Saas 제 თ. TH, Sigvart Puemi, 5 Sees! 


men Rg‏ ו 
ee (ron‏ 


a | 
Sample Problem 


Te var EET 
ME tone. ჩა ირ SABS 4 Maar მარც. 
ლ ER ET | 
ს Paarimons erge 1509 = 
₪ 
해지 H თა 


დააა 
סה‎ + 1O ps4 


Problem: 
Determine gravity loads on typical beams, girders and columns, 
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